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.,

flovwxl  flo]]l l})c I)tc-lcactot  i]]({) IIi( loivc]  l)IIsslIIc  t(:{”,it)]l  01” Il)c [Ilul[i]mw  al~so]l)[ion  ccl]

ft)l otmcl vtltiotl. ()])lil]lal  Icxlioll  ((~ll[li[ioll~  wclc  d~[u  Il]ilwd  I)y llmlli[orill~,  the decay 01

Ihc NT()? alJsorjM ion sip,tlal  it] 111(’ “\(){) 4 0 0 ”  11111 t~’y,i[)l]  ;111(1  (11(’  [’OIICIIIICII[ :,1’OIVII1  o f  lIIC

SJ)C.Cllil Sll[)WcXi  ]10 ir)(iic:i(iolj  (If llltliIcl  IC>; I( lion (]

Ic.p,cIIcIntc. h’oj O] 10 pro(lw I; A{(). II \J/iI\ i](y)rd

lwodum  I;ON(), by analogy  [() ti)c ]~wtioli  01 (;1 -I hlo:~, t~ut [lc.itl](l (Ilc. stwHg 1‘/ 15 c]l~-]

lmnd ]Ior ally o[l]cr  alxorl)tiol]~ al[l iijlllal)ic.  lo I;ON()  wctc oixcl  v(xl  (~~). Su] wy spcdra

Iccw(icxi  at i .() cl]]-’ wsolu(io]] owt [il( ()()()  7500” cl]] 1 ]all}’,c. l(vcdlc(i  s(loll~ alxolj)tiolls

CTlllrlc(i  al 8??, i3 12, all(i 1’/’)4  (’III ‘ ;Ill{i :1 ‘hall), (O I) I]):iI d[ivc]y wcdk Icatu[u mar 762

.1cl)) , ill cxcclicn[  agmc]]m](  v,’1111 i~[lliotts  ]cimlls  oj (hc l;h’02 il;ln(i ]msi[iol]s  fro]n low

rc.sdulim wmk (16,J7). ‘l”llc I(wliol]  c~)tl(iilio]]s coLIl(i easily I)c. IIlatliillllatcd  to S8[NM1C

lim alww[~tio]]s  at 822, 1312, at]d 1 ‘/(M C] I]”], A (Ic.tailed accoull[ (}f’ {iK 1 { N(), reaction

Inay lW found  ill Rcfcmxc  9.

Spcclr:I of the J), ban(i VCI( I(xoI(ic(i  will] a ]csolu[ioil  01 (),()()5 ctII”’ aIId boxcar

;ildiz.;  t[ion using  a I 600” - 1850 C) II”] imll[i }I;MS flllcl (()(:1 J). 1 2 8  Sc:ll)s Wc.tc  Cx-a(l(id

10 obt;lil] Ihc fintil  s]mtn]m. ‘J’lw N().7 co[]crt]tlalio]t  in [I)c Icacliorl ]nix[u(c was  limitcxi

so tildt  (I)c slm]~p,c.s[  fcaiulcs  ill [ilc s~)cr[l  \I[n ;~t)s(~ll~c(l l e s s  (il;lli 5 0 % . 1 nfrarc.cl  line

jx)silio]ls were dc.tcl[llincxl  usilljl  [}]( Kitl l’c;:l.  lx:Ik Illlcirl  ;~ij’,oli[i]l]j  (19 ) dll(i  ca l ib ra ted

using  1120 IIansi[ions  ( ? ( )  ) II It’SCIIt ill !ilr SINCIWI)I  (Iuc [0 [Ilc slllilii  mIKMIIIl  of  rcsi(iua]

i’a{’(’  6
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i) Is(.:ussloN

1 “ ‘lhc GIWIKI State

‘1’lmc Ilavc Imm scvc]dl I)ItVIOIIS itlvc.slip,aliolls  o f  ill{ I;N()? fymnd vitwatiollal

.  I I I  l[~5? Snlill]  and M8y,IILIsoli  ( 1 1 )  idcntifid  Ssla[(.” using, ]nicrowavc,  sjKxITtMr(~])y

r(~lal ional (ratlsitions  and dc(iwcc(l IIlat lhc tImlc. culL posscssc.d  a I)l:IIlar C?,l strudurc. 11)

19()81zg[)]l:il]  (l Millc]]  (l~?)~lct(il] ii]lc{l:is  [lt>stitll[i()Il  stIuduIc  (OI l/N02af(C~c)t)scI\~irlg

1 7  lot:ifioti:ti  (ransi(ims  ill IIIC 1’/ -  33 (;]17 rcj:iwl fol cxlI o f  llIIrc isotopomcrs:

,i14N16
02, 1’‘l fN1(’ol, ad 1 “’’N ] }’ ( ) ’()( ) ‘J’IIc I]] NIL O1(’() sl)ictlul)l  was  pa r t i cu la r ly

i]llclcsling  s i n c e  lhc. asyllllll(’tlic  sllbsli[ullon  o f  II)c oxy~,cll iltolns dcstl’oyc(i tllc C?

1 ‘ilj’,C 9



Syl]]ll)clry axis and prcvio\lsl\  foll)i(l(lclt  I]; l]; sitiolls \vc Ic ol)sr.t  \[oLl, ‘1’llis slu[iy ill~l)[o\cd

tlIc l~lccision  of (k A, 11, all~i (’ ](~{:~lio]~al c(msl:IIIIs t)y IIIIC’C OI(ILIS of It]ag,ni(udc, but IIIC

a n a l y s i s  w:Is conslrai]]c.d 10 (I;lrlslli{}]ls wi(ll J 5: I 5 aIl(l IIL’jI,lcc((xi CCI)(I ifuf,a] distortion,

1  atcl tlla( year, h4irii  d al. (“13) dt:[u.i [Ili]lcd tlIc (’our  III l)latw  CCI](I ifugai d i s t o r t i o n

cotlslants  froln 33 transitions fIKwsLiJt’{1  ill III( 100” - 140 (i] 17 ICIII(JII. ] ‘N02 SIYC[l OSCX)p)r

(l Ic.1~ lc.]]~ailmd  dorII):IIIt  ul)til t h e  I(C(III ul[ra-l)ig])  Icsoluliot]  1~1’h4W II~CaSLIICINCIIIS  o f

Slyp,cr cl at. (14). w h i c h  wcic  us(’d ((] clc(ct  Illim tk ‘“N alltl  1[)1;  nuclear  hypcrfinc

Cwlls[all[s.

‘1’llc  rotationa!  conslai]ls  dclrt  l~li[lcd  irl [l]c plcscllt  s[udy iilc  collcdcd  i n  ‘J’ab]c 1

aloI)~, will] (]IC ICSU][S of ] ql,()]i  :in(l h4illc[l  ( 1 ?) a~)d h4ilri et al. ( 13). ‘Illc diffcmnt  SCIS  of

coIlslal)ts a~lc.c. Vcl’y Well. ‘1’l]c  slif’,ll[ly  Iw{’LI” A, 13, md C values dctcrmil~cd by J ,cp,on

arid h4illc.u  p robab ly  ]csull  lroIII IIIC tIc/!lc(;t  01” c.c,lltl  ilugii[ dislol[iol)” comclicms. “I”hc f:ict

[trot Ilm mta(ional c.onslm)ts \vc de] il’cd llonl  all 5 1  o f  IIK ]nc.murcd  m i c r o w a v e

(Iansi(ions  arc  e s sen t i a l ly  IIlc saIi K iis I} IOSC (Iclivcd  by h4 illi c.( ;\l. supports  this

co l lu s ion .

W C .  Ilavc c.onve.r(exi  IIN CCI}I1 illl~’,i]l  (Iistol(iol]  co])st;ints  Icjm] [cd by Mirri  C( ii].

l’a:,c I o
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1<- blallcll  rcf,imls  were. availal)]c. ‘1’11( <)- bldldl  lim:s w’cr(’ tl~cl] il](:ol[)ol:llc(l”  into [lIC fit,

‘J’his wsul(rd i]) a futlhm Iefillc]]k]lls 01 [I)c (cr]l]  ifuj’,al dislot [iot] IoIIs(arIts and aII owxall

Ic(iuctioll in 11]0 10 values fo] IIIC \’,1: 1 c{)t)s[:in[s,

‘J’hc fitting ]csiduals  :IIC S(;l[i Sli Cillly  dis[ril)~)tc(l  :il)(l ])[) (l C[(.’C[at)l  C pcr[urbations

arc o[)sf.  xvc.(1  ii] the spcc[runi. ‘1’l)is i s  ii) ajJI(s.cmc])l  \vitll 0111 (;llculaiio]is,  wt)icl]  prdicl

I)() OIIICI ICVCIS within -100” CIII 1 of [tic. I’!93.4(KMI  CIII i t~,l c)ligi]). ‘1’hc  t)armonic

flc(]llcllcy(o,l = 1789 cm-’ Cal(’ulal(’(1  t)y I,c(’ 31 IIlc (:(:sl)(’1)r1’7  :?l’ ICvcl of [tlcoI”y  (lOC)

ccJll~~):~[cs Li\~(~l  ilt)lywi(ll  tl][?(lt~sc\\c({  fui)d;il]m~tal  vilmiim]al lrc(!~lc.llcy.  ’l’tlcl~N02NC)2

:Illlisyllll]lc.tri(.  stretching fl)tl(l:inlri][al i s  si;’,nii”lcalll]y  tli~,l]c.] Iltall  tl)c colrcsponding

frcquc.l~c.ic.s  observe.d f“k)r IIN03  (1’/09.5(1740”  Cnl”] (?6))  all(l (’IN())  (1683 .894022  cm-’

(27.)),  (Ilc gomi af,rcnmcn[  bc.twu31 cxj)c] illlcnt alI(l llIcx)ry colIccl Ilillf’, 1)()[11 [hc f r e q u e n c y

ald JC]ativc  illtcnsity  of v4 suf,p,csls (hal [l)(’[c i s  notllirlp,  ut)usua]  almul [hc bm(iing  in

fJN()~. ‘1’hc h i g h  frcc]umcyoi  ttlis  N(I2 ii[][isylllll~c.tl  ics(le.tcliillp, fIcx]uc.nc.y inlplics  that

(k 1: alom i s  wi thdrawing  i~j)j~lccitit)lc  CICCII(JII dmlsity floln  llIC NO? sloup  (o forln  Jp”

N(.)lfii .l{CCC]Illy,  SlygCr Ct [il (ld)cc)IIcltIdc{l [I]al i]ll:Noj[llcl;:t[I)t~] witl~(irawso.360f

aII clcdrcm flom tl~c l~alf-fillcxi hrol (ml oll.)i{;il, (IIUS ~)lo\’iclil~g,  (ll{:\ll(itziti \’c. vc.rific.ation of

lt]cclcctmn ]cdistritmtion.

(iivcn [IIC asymmc[Iy (Jf J:N02, OIIC woIIld IIor IIIally CXIJICSS  Illc spcctmcopic

coI~sta  I~ts witl~in  t h e  frmcwork  o f  Watson’s  A- Icd IIccxl ]lanliltol~ian. WC have.

pcdorliul  fils using  [his IIalllil(ollidlt and I[,ur]{l It](: qllality  {)f IIlc. fits colnlx{rat~lc.  to

1’?1:(’  [3



II)osc ol)taIIIcd usin:, (lIC  Stv,lLILL{i  1 l,ullill~~lliatl  (’1’:lt)lc 2). WC ]](JIc,  Ilowcvct,  tlla(  Ak is

all olclcr of Illdgtliludc small(’t  (Il;il)  c,xl)c>c((’{i  nlI[l tlI:i( 6K is al) OICIC.I of” ]nagnitllde<  larger

tllaIl Cxpcctcd. ‘1’hc  ratio  &}:/AL ~ (}.:+  i s  l]npllysi(:al  aII(l IC])ItSSCII(S  optiminxl f i t t i n g

patalm.tms  talt)m  than Icaw)]]abl(’  II Iolc(Lllo  I Imllavior. ‘1’IIcI C1’OIC, WC. lIavc included t hc

A-]cduccd  co[ls[ants  in ‘J’al)]c ;)olIly Iol [II(’  sakv oj colnpa  TisoII  wilt)  similar  m o l e c u l e s ;

II)L’ s- IC(ILICC.(1 constants  :11(’ [)11! ])1(’i-cllcd  \/:llllcs

(X) N(3.USIONS

W C .  ])lIVC lC.poIICd (lIC (11’s( J()[il. [i()ll:!]ly J’CSOIVC(I  illf]’:ild  S])CC(J’UII1  Of l;N[)Z. oVCJ’

I 5 0 0  [ransilions  in [k intc.[lst  \’, Imrl(l  Il;iv(  t)cctl awi~,ilcd.  W’cll-dcfinui  rota[icnlal  and

qllal(ic  ccntlifugal  dis(orliol) colls[atlls t)av[’  b(cII (Ic[c[mincd  for Itlc giound  and vd=- 1

vi bm[ional  states aJKi  ttmsr.  c(~JIs[;IIIls  1(’] M(KIucc.  tlIc cxpr]iJIlc.  J]l:41 line lmitim~s  with aJI

J’lIIS C.]  1“01’  Of ().()0078 Clll- 1. ‘] ’]11’ ])ip,h  fJ”c(]IIclI(’y of Itlc. N02  ;lllti  S~llllllCtliC  Stldcilirlg

vitmition,  \~(, = 1793.46684 I ci)~” 1. ituplics  sig, nifictin[  lc(lis[fit)ll[ioll  of clcctml  dcmsi(y

fmn ihc N()~ moiety  m]to [I]c I‘ atoll] [L) foli~l ;i ]mrtially ioTlic  1’$ N0261 Stl”llCt UJ’C.

IIowcvcx, tlIc sn)al] c h a n g e s  iJl r(.)taliollal cx)IJ\tfiI)ls ul)oII c.xcitatioll in(() the v4=- 1  s t a t e  and

t h e  a b i l i t y  of Iligh-quali(y at)  Initio (almlaliotls to npmiucc  [Ilc \’d vitwational fm]ucncy

su~f,cst  II(J uIlusNal  tw]l(lin~ it]  1;N02, ‘1’]lC \),,  klll(]  ]MO\’i(h  al)  CXCCl]CJlt  OpJKM”(llJlity  fOI

Jl]olcclll  c-s])  c.cific  (Ictcctioll  oj I; A’().)  siJ](c  lIIc. slI OIl\Icsl  ill(iivi(lu:il  lillc.s  coalcscc  Jlcar the

low \vavcnumtxx  heads  of (Iallsili(]ll  clustcJs ill tllc 1’ a]ld 1<- f>lallctlcs  (0 foltll even more

I ‘ii[’,(’ I 4



i[l[vt)s~  fc;lllll~;s  wllilc,  still  II];iit)l;li]li[lp, I)c:i Ily l)t)l)l)lct.li]]ii[~-(1  litlcwi[l[t)s. Al)alysis  of

IIw olllc] vit)[a(ional  ful)fiall)c]llals  is ill I)IO!IICSS,

A(:l<N()\Vl,lCl)  (;h411NrI’S

‘1’hc. au(hms  would  Iikc IL) ItIaIlk 1:, A .  (Y)l)cn an(l 11. S .  1’. Miillcx  f o r  hclpfu]

( D i s c u s s i o n s ,  11. l>. Wit)llc’.wisscl  (01 a cop)’ of [hc 1.W’5 I ]II(J[’,I;IIi),  and 1). Na(zic for

[ccll[]i{al  supjx)r[. ‘1’his wolk was ])CI 101 II)((1 at (hc .ic[ I’lo})ulsion 1 ,atma[ory,  Califol  nia

l[lslilu[c o f  ‘1’cdlnolof:y, LII~(iCI CL~IIIIaL[  v,i(ll  (h( Na(iol}a]  Actonaulim anti S p a r e

A(tl]~illis(l;i(ioll.

1,

?,

3.

4.

5.

v

s

‘2”/8  (1996).

Scicl~tific  AsscssIHcilt of ()/oIIc l)cpltlio]l: 1994, Wh40(;  lolu]l”  oy,()]]cl {csc;llct~  WI(1

h401]i~01il]~,1’ rojcct,l<  c~)O1lN[)..l’  /,” 1994.

h4. R.(;L111s(m,h4.  M .  Atd)jit,hl.(”  Al)i:lll]s,h4.  Allen,  l. 1<. fllo\\’1],’I’.li  .Il I(~\&/l~,A

l’afy’  15



6.

7.

8.

9.

I o

tl~c]cit];t>  )rl'.S. l)it~t>lc:t  li~lJ, S,li:il  lcis~l.),('//  {///.l'//y  .\. I.cII. 21 S,42342.6(199 :+);C)

‘1’. J.l,e.c., C:/~r})/.  }’//}’,Y. 21(1, /.2l(I, 194- l(Y~(l  W3).

11. l). 1’. S]]]ilh and l). W. hfl:lj~,nust)!l, I’)IYs. l<cv, 87, 226-??’/ (195?).

12. A. C:.lx?,olla  l](lI~.J .h4illcli,.  /. (.’hcI/z.,$fw.A  1968,  173(1 -l”/~l[) (190X).

13. A. M. h4irri, G. (lw~oli,  :I[d 1. l;cr]ct[i, .1. C1/c/~/. l’hys. 49, 27’/5-2780  (1968).

14. (:. Stygu,  1]. [;atehousc, N. 1 lci]lckin~,, w. .I af!,l’1”, all(l M . (’, 1.. (km’y, J. Cllel)l. ,$OC.

l’hl”(i(l(lv l;”{ifls. W, 1899 19(V ( 1 993).

15. R. Ii. 1)(xI(I,  J. A. Rolf(:j a~]d 1, A. Womlwal(l, ‘f ra)~,$. f’(i}. .${)(. 52, 14S- 15 I (1 956).

16 .11 .  1,. IWnitt,  R. 11. h4illu,  :III(i 1, (:. }Iisiikulic., .V]jt’[{t(j<~iil~l.  A([o 23A, ?37-248

(1967).

17. K. (). (’llristic, C. J. Sc.lIa,:k,  al]tl l{, 1). W’ilst)n,  lnorcq.  (’hrll~.  13, 2S 11-2815 (1974).

18. A. 1’. lltl]l]~:ll],  (;. A. SIICIIIIaII,  ;III(I (i. A. “1’ak;I(s, ,\/~~:t/~~~~//i/t/.  Ac/(i 34A, I 109 I 110

(1978).

l’:lj?,c 1()



19. 1.. R. IIIOWII,  J. S. Mal~oli\, R t 1. N(IIIOII, aII(l 11. 1). SIfclIy,  /t/~/J/.  ,$l~ccft[j,~c.  37, 28-/-

292  (1983).

20 R. A. ‘1’otll> j. ()/)[. S’(X. A///,  IJ X, ? 2:30 -?755 ( I ‘Y) I ).

2 I 11. M. l)ickct[,  1. A401. ,$pr~tt(j,i(..  14S, 3-/1 -3’/7 ( 199 I ).

??. J. K. ~;. wdiSO1l, ./. ~.’}? (]III.  /’/I:>.\. ff8, df] ‘/ 4528 ( l“(~~).

2311. 1’. Wil]ncwisscr,  J. l<rIIIsliI(lIlc I, K. h4. ‘1’.  Yamad:I,  :11~(1 J. llcl~rcnd, J. h401.

Slwcltv,w. 136, I 2-16 ( 1 ‘JX9); l:. S[ml), lhc.vi.~, Justus-]  .icbiy,  [Inivc.rsitit Gicsscn

(1991).

24 w. Gm’(ly  and R. l.. (’(ink, MicItn{Jtl  w A401ccL11at .Y]wc(t(~, (llaj)tcI 8, Wiley

lntcrscicmxYNcw  ‘1’oIk, 19X4,

2S 1.1 lcdbclg and 1. M. Mills, .), Afo/. .f’/jcc[to.w.  16(I, 11 ‘/- 142 ( 1 ‘)93).

2.6. A. G. Maki, 3. h~ol. SIMcIIt),vc, 12.7, 1 (M 111 ( 1988).

2’7 J, (hphal,  M. Morillol~(:l~ii])cy,  all(i  (;. ( ;ucl:Kll\rili, .1. hlol. i$w~(to.sc. 165,  315-322

( 1994).

I /1S’1’ 011’ ‘J’AIII.KS

‘l’Al]] .l~ 1. I;N02 GrouIId Vil)~ :t[i(~llal  SL:IIC Spcctr~)sm]lic  (k)nsI:iiIts in tlm S-rcxiuction:’

‘rl’~’l{l Ii 2. S]xxtroscopic (TOIIStHIItS  f(II IIIC 1 NO, (;] OUTI(I  iill(l  \TdT I StiitCs;l(l
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Spectroscopic

TABLE 2

Constants for the FXC% Ground and v~=l S@tesa-b

S-reduced Hamiltonian I A-reduced Hamiltonian
A“

I
I B“”

c“
I A:’’110-7
1 A! Y’’/j Q-y

&“’,r’n--
g.../f:~-:.
/>..:””/” ‘ P.-

A’-A””
“- r.. .
E -9
~. ~..
- - - - -

[~,”- ~.- y; Q-9. .
(A,y ’_ A:y” ‘, /;&

{A!(’- Av,” y; 0-2
(/j:’_  fj.’” y:y G

“

[&’- &“ )/: Q--

\’.

‘AU values  expressed in cm-:. >’unbers in parentheses after each constant reflec: the ~ 0 errcr in

urfits of the !ast digit.

5AH cons~ancs determined from the data set consisting of 49 WV. 2 FDIW and 15 I I IR h-ansitions
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